?s pn=jp 05281558 

S2 1 PN=JP 05281558 
?type 2/5/1 

2/5/1 

DIALOG(R)File 352:DERWENT WPI 
(c)1999 Derwent Info Ltd. All rts. reserv. 

009686619 

WPI Acc No: 93-380173/199348 

XRAM Acc No: C93-168689 

XRPX Acc No: N93-293547 
High quality LCD element - has electrode and orientation film formed on 
opposing faces of substrate pair, held apart by peripheral seal, and 
display portion spacer 

Patent Assignee: TOSHIBA KK (TOKE ) 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Main IPC Week 

JP 5281558 A 19931029 JP 9282063 A 19920403 G02F-001/1339 199348 B 

Priority Applications (No Type Date): JP 9282063 A 19920403 
Patent Details: 

Patent Kind Lan Pg Filing Notes Application Patent 
JP 5281558 A 10 

Abstract (Basic): JP 5281558 A 

Electrode and an orientation film are formed on opposing faces of a 
pair of substrates, kept at required distance by a seal at periphery, 
and a spacer on a display portion. Liquid crystal is inserted in the 
/ •space. Side face of the spacer has orientation function. 

ADVANTAGE - The element has high quality without using special 
/material. 
Dwg.0/9 

Title Terms: HIGH; QUALITY; LCD; ELEMENT; ELECTRODE; ORIENT; FILM; 
FORMING; 

OPPOSED; FACE; SUBSTRATE; PAIR; HELD; APART; PERIPHERAL; SEAL; 
DISPLAY; 

PORTION; SPACE 
Derwent Class: A85; L03; P81; P85; U14 
International Patent Class (Main): G02F-001/1339 
International Patent Class (Additional): G02F-001/1337; G09F-009/30 
File Segment: CPI; EPI; EngPI 



<tt)B*H**lf CJ P) 02) & m ^ ¥? & # (A) UDWmMSH** 

#HFF5-281558 

(43)&§flB ¥fiE 5 ¥0993)10/3290 



frfiSES*^ F I StfGS*fi&T 

7348-2K 

9225-2K 

6447-5G 



GDbiLCL 1 sftSlJS^ 

G 0 2 F 1/1339 5 0 0 
1/1337 

G 0 9 F 9/30 3 2 0 



saot* *st # mamntn. i io H) 



(2i)asffi#^ 


1fj®^4-82063 


(71)tfi*&A 


000003078 














<22){HffiB 


4 ¥0992)4/! 3 B 
























>K5lll»il»m*K<NSifflBEW 1 i 






























1«JIWUI|l<W*E<N<MeSW 1 * 


m & 
















(72)#&38:£ 












tt£JIMUIIira$B*fflX£m' 1 f 


Hfe * 
















(74)RSA 












fsm 





(54) f jmi«>4&:] &skm*m? 

(57) [gift] 

[SMI #acfc*mSJHV s M©^- 

^P, <#CTNfi*fcttSTNa©«ftaE3S3lHFt««T 
45. 




•CM* 



16 13 12 14 15. 1 



11 TFT t.^ 



1 r>^«. 



(2) 



4*BB¥05-281S58 



[|g*JS 1 1 SWCttfl-r 5«ffiK*«*SJ:tfEl*!lffll 
tlfc «fc K 15 It 5 tlfc X 1— * t T 

numm $itt«s l . MesttiWKttft sax l t 

(00 0 1] 

[*»±©f"]J8#»] Saab**'?. £91* 

[00 0 2] 

©«a*6. Bl^Stfl/Ttta^WEtffflMS**. 
[0 0 0 3] MCX"*— *tt, «Ra5K:**t*ataBHI 

4. 

[0 0 0 4] 5«E©2E8ln?**. K^tt^^- 

i«tttfTsi8*£tt*a^*^<D»ift#te*«iw 

[0 0 0 5] UiftU £©2fffiT?tt. WOSTZT.*—*}- 



0, X^— tr#%<h&oTH5*£tl3^£#&-5. 

ti&#tfm?>%.£.M£tziQ . ?'j->JU-ArtT©ft3l 
[0 0 0 6] dniCgfc^TjfttLTF^Stt 

[0 0 0 7] ^©*ttT?tt. x*— tf-€«5£®fi«K:® 

jg£ b -owr *^&t t> 7 * h u v ^ 7 7 >r sfif t 
'jy^5 7fS«ic^^. 

[0 0 0 8] —-fi. ^ffi/£<fflV^nT^*^aS7r:^ 

^;F^f-f^ (TN) itX-A-'MXf-f7 
H^7f-f'^ (S TN) 

[0 0 0 9] TNlTtt, ±T©*«5r« SU©BEl"]Bt 

fflS-yrSo C©t€?«B 3 H litt9 0° ©Ke^lt^^T. 
[0 0 10] SVWrajtffi^W * 2 

(nb) iystiftfft*. r«:t>ft. mmsBUPU*^ 

-75, S^lCfll3t®JJ«itSEr5 2fta) 

ajt«©wc»E/i/fc*»^^tt. ;--7'j*7-f b (n 

[0 0 11] STNSH ft^SR^WKllsttSSSao 3 ! 1 
19ttfc$^fi*fc#ftl<0«*T-ftStt2 7 0° tf*^ 



(3) 4#BI¥05-281558 



[00 12] TNSIt. STNSWbi^SfJtCttK*^ 
^jatCgRbT^fcT?^ h ij *X^5lC«fc5« 

[ooi3] ^ne.co*^*^:tcJ:^?«s*^^t±. 
[ooi4] x^-u-s^tcgit^iatn. x^< 

fefcftJBflrt-* 62-66228^) . X*- 

U-«0«iB*Jfe6-ra 1 -1 44 0 2 1* > x 

^©$S£^)i6ott5 (4#BS¥ 2-9 6 7 1 6 

^) &&wi363nTn*. b^u ^ns^KSST 

mzt bts.o X^— 9-©8Mi*&g{6T£ v>5 IBM*** 
[0 0 15] ^SKftwantcSH-f 3 3>h7X h{£ 

Tro«?ife*£bT. x^— •H(w&aciai«iK*»i«i'7 

K>^«a*JfiTSt» «*H«B 63-36224* ft 

awsnsn-cus. L/*»bci©aflStt. x*— 

[0 0 16] R*<DSCH*-#K»*"*"*fc*- 
EfiT^^ffi («B"86 3-2 2 8 1 2 6^) . m.MM 

» *ft *-r * x 9- saxsm *RW EfiT 5 

ft <ftH¥2-6 2 5 17* . tttefc***"***'* 
— *fcH#£U1.K:*RttK:Eirr3#l£ (Wf2 - 1 
9842 1* bfrU en Soffit 

- 2 2 8 1 2 6#<DJ:5»c:/7y?" : ?' MJ?X£ffifflT 

* t . mmnit tit & v»«js»<& n □ * t ait 

"T *. 2-6 2 5 1 7 ^*5<fctf4f Bfl¥ 2-198 



4 2 ntwii^ttt. «»fttms«it-4fc». 3X 

[0 0 17] 

*. aaSfitiW^T**^*******^ 1*»c 
[0 0 18] 

[^S?:»ft-r^fc*e)»?&<*:fPffl] *56«ro*a*sF 
X^~ tf-oWBaWaEWfefc* - *"*^*** 

[0 0 19] *56WK«*X^—**3rse«t«^ 
*. WBSW«5 0 tfmx 5 0 ymSUKOX^- 

i o-r v^a^s^©***^!*®*®*"?** 

10 0»m<D¥»ClT5i:t«»5. KBB8M>«fc0*2 

#U'7l/^>^ 7i7'J t*X7x/- 
;vfflSt * tt-tf 7 ^ > K«3ttt*#-§- b *> ^ 5 

»fe«nfcElSilttffi*«#5ft. S*W^ir 

[0 0 2 0] *%Wtc43^T. X<— 

*fctt-€-na*3WRnECT"r*«»**li8"*" 
[0 0 2 1] &tftMlCgft££b£ii£;£ffi<i:b-m, 



(4) 



1#Pji¥05-281558 



[002 2] cntC^LT. X^— tf-OfgfiSi&fttL 

t. *n&*#«ftEfflT*«**fflv»*#fttt.fc , 5* 

Lfc^oT. gftEftbfcX^-- !»■©« 
El6l3W«3HSn*. £0>«^. l 0 0-CEA±©fiKT« 

»TJ3a*Tf**feO)Wff*L^. i o o-c*ii§<»iag 

SLV». Ctltt. 2 0 0^£g*5ii5®T&»rs 

flAtfnl'XT-'JJI'-w- <4-***'Jn-OW 
2i5cfctf 6 a^tti : lTWB^-ttfcfero 

->T / bf 7 x 4 - * * * U O -i )V**r Vx 

-hts (-) -2 -/^;i/^;u/^^'J 
[0023] x^— tj-0<ffl®icfinsaip]^£fl' J j-"f *>fc 

[0 0 2 4] *:ft9l££ViT. Xt-*0«litiiE 
[0 0 2 5] X^— y-CD«iiifc«IBQ:**lil^*ttt. 



Xi7W€"7Xi7i:LTR IE (Reactive lo 
n Etching) CJ:Oii*i-yf : >{'LT. 3r 

[0026] x^— fraflwusfl-tUT-tne***** 

^ffl^e.n?>o ^nbfflWfe. x^— 

.fcOSBEfa-t*. LfctfoT, SBSElSlbfcX^— t 

Kt>, w&bfcfiMffl3MH i «a*K©^£H*0>*. 
[0027] EiSiiitt»»«ttTr***. 

[0 0 2 8] ^t^ijKS^?®^ 514 ^ 

icRjestitt^. r&*>%. 7?f^Th'j?xit- 

[0 0 2 9] H8»4TNffi«a*fflV»fc3*^-7i'7 l -f 

7"-? h u ^x^jSoaasHKa*** 1 ?©— mz^tft 

flMftSHT?**. H8C«Ht. -*«^7XSfi (T 
FT7HSS) iS^«1S2i5ct^TFT^ 
? (Slh7>yX?) 1 L^Th'J^Xt^tC^fiK^tl 
TV»5. l^>CDil^m@2t lOOTFT*? 1 lti 

fijtsn*Js»tto*asii<onBctt. a*©5 s -^E«2 

V*5>. TFTff 1 icoy — X^ffittSi3^*S2C H 
K >«H«x-^Ei^2 1 K. y- h«ffi«T KWX 
E*2 2t*n-6n»«*nTV»*. CCt^&TFT 

7u-fS«iw*®icEi^M (s^-ttT) aw«snt 

^;i/.^6. «r6]«S7. EAR (0**T) 
3*itv>5. a^iiffi2 t»iS]fl:S7 t*«sv»ic*ti«aT 



(5) 



1#BI¥05-281558 



TJKiS 1 C0^<W»Cli7t«5 1 . tt««5 2£4rL 

[0030] croaEftas^cu^t. ii^tta2*3 

«fc^«|S]«ffi 7 »±«A« I TO (Indium Tin 
Ox ide) . Sfc*W*ttMK-C 

<A. £fc^©«£. TFTTU-fSISl^nfflilweTtS 
5 1. &»«5 2. rtvJJ-f h5 3tt*BCtt*. 
[003 1 ] 0 9 «#i&6^ h 'J v f Xtt<Dm&&7xM 

^|R]{cSI^©^©^*ffi3 2*5<fct/ElS]J& 

[0032] ^jewicflisjsaa**^**. i toig 

fSitttt-SSWtS^- TFT. MIM (Me t a 
1 Insulator Metal) fS.E<F>W&\WFf- 

«fcox^— astie. wittAisa 

d<0«3Wt«K*r'J^-i'b. «ftU BSE 

€3. L-tAioT. £OTg|S#£Efa$aSTn«Efal8l<i: 
[0 0 3 3] x^~ *H*, «*.«H*<0S8»CiBJ£t-4 

[0 0 3 4] 



a^oErojanjceH-r * 3 > h x h<s~F€:iw±"? 

[0 0 3 5] X^—*t00tS/S/S^i:LT^ng{* 
*<EftT£ttH£WT£tt**£ffli'>fc J ioJ;:tt:. X^<- 

S5Sfi[W*^€;ii>S"e#-5. X^— - *<Z>fgJ« 

J: 0 * * & jWB8rT# * . 
[0 0 3 6] SSK. -^©SttfcBMfcfdflBriiSn 

[0 0 3 7] 

[££01] £IT. *3eWO*S6«*HiBS#»bTlftW 

mem 

[0 0 3 8] ^S6. KTcOcfc^tCbTX^— th^fiKtf^ 
^afiUfe. Finkelmann ZO^fe (M a c r 
omol. Chem. , 179, 829 (1978)) 
3 UXxU^-to- (4-^??'Jn'fM+ 

S8£tt#'M 5 I 4 WVH *-tt«. SB* : ^t' 

5N00) OjgMfC^flPLTX^— +}"^0*4i:L 

Jfc. 

[0 0 3 93 0 lfciO^lCiKSft*. ^ffit'^fi: 
ffi2i5«fctfTFTs!i J f 1 l^Th'J^Xttlz^^nfc 
-*(0^7Xi« (TFT7HSS) lSffltLfc. 
^©TFTSS^l l»mjgtt^TOJ;57a:t)COT'^^. 

^7x*«i±icy-h«si 2. y-h*6 

«snTv»*. ¥#^ai4±tctt, ^nsofRWtft 

«3tsnT^5. v-^sii 5tt*^*@2 tiggc^n 
t^*. i s i/'f>tai6ttf-j'E»c. y— h«a 
i2H7KuxE^tc. ^-n-^nsEUisnTv^a. 02 
ic*$n^>j;^i'. tft*^ 1 inas«a2«)iiH 



(6) 



&IH1¥0S-2815S8 



f 1 1 130/imXlOO um<D 1 ii^^^JSbX 
[0 0 4 0] COT FTTl/-f»£ lite. &®<ttt* 
-105 1) CO}§fl$S:D-jU=l-^trJ:0^UAc:^. 

3£ffiJfi!ibfc. 

J«tm*2 5 0 0 r pmt2 5Wt:>3-hLfc. 
TFTTKSfi^'V hyi/-h±CC 1 1 0"CX1 

5 shbx y-«B£«»5r yj ^- * b fc. Jiftma® 

tJ>£6 wm±^cD<EBlC, a3lC^T7* hvz^ 1 0 
l£E«b£. C<7)7*h-7Xi7 1 0 ltlt »260 
Mm. 812 0 0 MmrttCiS^l 0 wmOSftgfll 1 0 

«<«dtsn. ^©(feogRfl-rffi&ftgfl i 2 o t&o-cvi 

043^©^Sffi2©TFT*^l 1 iSftiifflfil 

*wtfL®m) tc. mx&i i o 3 1 

7* hvx£r£&g£-:b1*bfc. 
[004 2] C107*mi'^tt4OOmJ/c 

mzm.mL &mj<i *-&§s. qz 3 3 o n 

as. QZ 3 3 1 1) £X-7V-b. u >x?£ (5 1 
MM*— itil. QZ33 12) XU>7.b. 

iS0X&3. 

SEXlHE 2. 5kg/cm2 

9Mktt*aMi 10ml/min 

^tttt&HSIH 2 4 08> 

[004 3] 2 0 0 TCf 1 

b, *«t*if5e«-efc. JioimiMaaKAo. 
[0 0 4 4] *iBtffiSJg#^o*7-7^;u^ 

— AL-105 1) OlMD-^^-i'l^OMl 

fc*, 2 o or-ciwm»»uT«afcbfc. £©#ik 

^^^»bfcD-7Tvk'>^©SbT 

-;uM<tbTi?fc^{kitx*^->^)ig (H#*mas. k 

[004 5] cn<=>tf>TFT7l'-r»£l£J:tf*He]* 



©rtfflic^^Y-y^JKafflflE* (^i^as. zl i 

- 1 3 7 0) 9 SrttXbfc. ttAP**JMMKfl:ffltt* 

fflXitObfc. $<=>!;:. -t^SiSfeif bfc^, TFTS« 

[0 0 4 6] *HJ60tt?tt. *4«>»l«tt«3J f * 

H&m 1 tiaoT^5. "TTit)^. 04tC^-Tct5C. 
TFT7HSfilil:MStlfcTFT*fl 1 ©«f 

3 

[0047] #m&£0«xte. sissey i ta&saT© «fc 

^^ffiiaO. TFTTKSfi±t-El6lie^fi£b 

Xttt»lt*ntT FT7 WMil JtC «*tt#'J 

-f 5 I* (fAS-f=?-ttS. «&£ : yntfS K4 0 
0) <D'5 %m&& 3 0 0 0 r pmT2 5#IH7.fc!>=i — 
Hbfc. TFT7HlSS*";h7'l'-hJ:l:Tl 1 

o icx 1 5 amm b x®?ett# u-rsH^u^-i' 

bfc. ^©«<tIO»^ 6 tfmlSfflfilC. 0 5 
K^T?* h^X^ 1 0 2£E«b£. C®7*h-7X 
i7l0 2X«> 0. 2 MmtSWS^SPl 1 0 1 1. 0/i 
m«0>»£» 1 2 0 £#7> h^-f 7"#tCj£fi££nxv> 
-5. I©7*hV7?^lT18 0mJ/cm2 

ff^ss^bfc^. ^mm i tH*K^^i'-ai**ff 

gjfctttttttl 10ml/min 

giflflnJE 2. 5kg/cm2 

■J^XEPffl 1 5» 

[0 0 4 8] §t&$aS«. 2 5 0 r X 1 H#Fp1JiP^ 

bX^b. Sfi*T7tt»LTElSlil3*«ISJcbfc. C 

f^Sbrc. 

HSg^J4 

*^M^JXtt. |g|6«l~3tttR«:*). *J|S]S«5± 

[0049] si*, ussw i tmmz^x. sstc^ 
*a*sj:r;TFT*?A«»j«snfcTFT7u-fa«± 

fiKbfc. 

[0050] ^tc. ajBfcfiUHMt*©*^-^^;^ 



(7) ^¥05-281558 



iBfi* : H2 0 0) O9i§?££20 00 

r pm-C3 0»IB^t!>3-M^fc*. 18 01CT1I3 

ffilCtOS* 1 /imOMoISMbfc. COTMoHS: 

j^6JC»J5S*TlH***©lH-tKiS«l 
<D M o b & -5 "7 X 7 0 £ ^ Sfc b • 
[0 0 5 i]'co»iaj»«*K^-v>A-rtK:An. 
HKSCl/tft. 0 2 Ar + -f*>K- 

O2 tfxmm. 1 x 1 0"*To r r 

88St&« 2 0 0W 

BUHBffl 5# 
[00 5 2] ^5UT*«l=eiatt*I«Ifc««**** 

UT. l>fc. 

506015 

[0 0 5 3] *HJS#ITtt. 3fdfi«3£EI*:fc:fr8sK.fc 
OTFTT K *«±K«3ttt»B*ffl UTEfilil* » 

IttJitfElMlfcJIHSl/fc. EAT. JlfiSm tUSMcb 
[00 5 4] «®tr3t^m@i5«fctf T F Tfc^tfV h U 



-10 5 1) <7)jg)g«ra-;i/3-^tCctO»ffiLt^- 

2ooictirib. mmazmLrz. cco^u-r = kko 

£Jfcfi£Lfc. dOBflKJtK. HUB**—* (19*7 7 
-f>$r5*;U!t». fifi>£: = dmA-JUSP-2 0 
5) <BX?/— MHMK&XT'l'— itf'l'fc. 
[0 0 5 5] — #. *ffiC«aW»**7-7-f;^ii 

«t«»iRi*a3>»iii*»i«anfc»iai*«±i-. «*<ttt 

L - 1 0 5 1) ©Jfflgtfcn-Ao—^fc.fcO&tf Ufc 

2oo , cTii»m jp«rta*Lfc. »snfc#'j-f 

-FBI*®*. tf£3S*Ufcn-?Tf7fcr>^»Sk"C 

1 ~ 5 *SJ:tWtttW 1 ©aua-feJUK^T. »T 

4#&1) «HMEPJ]pB#{c43tt^fiEln]^ffi 

#142) «BE*lWttJB#{-*3«-5fi5l6]«ffi (MURK 

^) 

#143) V-T#14 (tt»-fc;KD*ffi-»il3fc«0>H 

#145) iSS (8 5*C) =7-i 7fXh 5 0 ORfWBftO 
[0 0 5 6] 









■mm3 




m&W5 


t&stmi 


45141 > 


Mi 


Mi 


Mi 


Mi 


Mi 


Mi 






m& 


m- 


Mi 


Mi 
















IDS 




115 : 1 


120 : 1 


110 : 1 


105 : I 


100 : 1 


80 : 1 








&& 


Mi 


Mi 





(8) 



\ ) 

^¥05-281558 



[0057] tt&fll i <nte&±)\'<nm®L8L®.&-c*\z> a 
mzntz. ztzzniz. ww.*^— vwwt. ?e&n© 
ic»ut, nis^j i ~ 5 Tti. ^-rnfcEfatfai^&ff 

[0 0 5 8] £(.±©31)5601 T'te, SKU^^i: 

s-t;u^f^Sbfc^. *»stt**fi^ h ') v z x;ra© 

[00 5 9] ¥iis£v h'J7? X^S«)tIS^if© 

®K££€ffi3 1 «Stifc-^Oil7^IS 1 fcJft 
BMfctttf'M S KOig&Sr^fiJU in^ • &*IUt&. 
5 f > yjffla UTERIS 3 £^J&T 5 . W x. MW&m 1 
iH«lc. ^OEKSII 3 JitiX^— 

u ^u^-^Lfc^. gft-st&u sseansuas 
uxanEisitg^t-sx^-- tj-4*»j«r*. 

3 2 ;&<ffi2fi££ fifctt*© ^7XS« (2* 

1 *5J:tf*HfiJS1£ 5 SrSVMc^-r-S «fc r> \z&fr&t> 
&fflJ&&9£»AU aAP£§*PT3. £©«£*>* 

[0060] etTic^-r^jg^Ttt. y-ctmt 
* t salmis i: £ i^^rr * -h m \z o v > xia^ t 

[0 0 6 1] a^SWitTET^t^fltSnfcTF 
T7H S«-hlc^7ttt* U -f 5 H 
§3. SS* : k* 5 F 4 1 2 ) £ 1 5 0 0 r p mtX 

HJilC©-ti\ 1 1 OtTl 5^1iV^M«*frf* 
[0 0 6 2] X^— 9"CD/^^->^fiX$*T.fc7* hV 
h:7>-Mc©-t±, flflE*««3&»6 1 7 0 •Ctrl 0$HB 

S^ttlE 1. 3-2. 5kg/cm2 



8 ~ 1 0 m 1 /m i n 
2 4 0 8> 
1 0® 

1 08> 

2 0# 



[0 0 6 3] :©TFT7Ki««»«ai*-^> ( '5 

fc. C©*£3t:. i«S5tfm. BUI 5<im©RttB©X 
^— tH3cl:Lfl?£ 1 2 0 nm©Elfi]Bg#ffi2fiS - 
©EfaBI£ 7 1* > ysan L fc. 
[0 0 6 4] *7-7^;^> -/^'^^hiJi? 

isiasKowiiffKi^-^ttftx^'J-^wwbfc. tf 

[0 0 6 5] ^f>nfc^4-f >^^^*^ : FC0^: 

FT©*UllfclWifc-rsC 

^156^7 

[0 0 6 6] *HH6tH*fc. TFT7H*S1^ 
©*Jttt#U'f5h* (^ntf5H4L2) ^'J 

m&mzm&m & t&tm • 2oox:-cio«-ibt»o 

5 jzm©;*'*— fr*«fctJWS 1 5 0 nmWiElRlSI^fiJt 

snft. c©Efp]^^7t*>^jiaaL7i. ^t. ^js^ 

^Sg^J8 

[0 0 6 7] SSmStTET^t^HfJdt^nfcTF 

SJ, KiS&« : 7"Dt'= 1*40 8) $rl200r pmtX 
t:>a-Hfc. i©TFT7HlK*7h7"U- 

h±c©-e-. 1 1 ov.x-1 oiHatv^afiroifefrT* 
use. ic^&$agii#p.si£ lootti fcei^tt^iew 

ig^2um. SSI 0 ^mOHSiroX^- tJ-i3«t2/!* 
$ 1 0 0 nmWEiajM^BJtSnt. ^roEfaBU*'^ t* 



(9) 



#^¥05-281558 



CO 0 6 8] »6fl6fcHttK:. TFT7Hifil^ 

^_/7. g^, aaaatffofc. -wis. 
2 o *ct 1 ism t u fc. - ©aanttt* ' J i" * t 4 

i!5£ 5 »m. 1 5 umOX^-U-fcJitOTa 1 5 0 
nmOElftK**»»«*tifc- Z.<DS3fiim^-7\i>ifttM 

vtz. bit. nmme £mmzLxmsh%.7K%T*ft®- 

[0 0 6 9] At*. «*-<DiE#. 4$K:7t*>i^jft 

lttt«2 

[0 0 7 0] $mW 6 TFT7HSS±^ 
©**tt#'M 5 I s (7at5 H 4 1 2) ©M. 

[0 0 7 1] 

•ymfr;? (tn) sas^a. 

-'y-fXr^yhW-Cyi' (STN) S«wSac 



5. 

[H] *J6W©*J6«llc*tt*T^7-'f ^HJf 

[0 2 ] *%B^<DHJ5S« 1 ICtSt******:*^* U 
T. TFT 7 K ItiTCOX^-U-Wf SRfii^^ 
¥B0. 

[0 3 3 #f£BJ3<£>HSsW HCiS^^^S^TF^^fflL. 

0. 

[04] *^COH^2tCi5lt^^S*^^^Kb 
T. T F T7 KifilT?©X^-D-OMttI*^1" 

[0 5 ] *56WO«ML« 3 KSttaftaabK*^ izmh 

0. 

[0 6 3 #RW©^«4fc«S^3bF*fKHl' 
[H 7 ] *«9!©te©fafi«lc*W'S*«**' h 'J * 

[0 8] T^w-^vMJ^X^^iSli"^*^ 7 * 

[0 9 ] h U ? ^^©ftS^^ 1 ?*^^ 

ftl&B. 

l...^?7XM (TFT7H1K) . 2 
3-RfilBI. 4-X^— *J\ 5-^5XS« (MlfilS 
£) . 6 9-7 4 7-J*|Sj«i. 8-KISI 

£. 9-«a«K. H-TFTif. 12-y-H* 
@, 1 3-y-h«aW«. i 4-¥#ftI- 15-7- 
16-HH>tI. 2 l-f-^W. 22 

1-flBfcK. 5 2 ■••*£*«. 5 5 4 

.••<H3t«. 10 1. 10 2-7*h^. HO"* 
JtSP, 12 0 -j&tgR. 



[01] 



[171 



Japanese Patent Laid-Open No. 5-281558/1993 
Laid-open Date: October 29, 1993 
Application No. 4-82063/1992 
Application Date: April 3, 1992 
Applicant: Toshiba Corporation 
Inventors: Rei Hasegawa et al. 

Title of the invention: LIQUID CRYSTAL DISPLAY ELEMENT 
[Abstract] 

[Object] To provide a liquid crystal display element realizing 
all of the uniform gap between substrates , a high aperture ratio , 
and a high display quality, and in particular, a TN type or 
a STN type liquid crystal display element without using a 
special material. 

[Constitution] In a liquid crystal display element including 
a pair of substrates 1 and 5, each of which has electrodes and 
an oriented film 3 or 8 on the surface thereof opposite to the 
surface of the other substrate and is held at a predetermined 
distance from the other substrate via a seal provided at the 
peripheral portion of the substrate and spacers 4 provided at 
a display portion, and liquid crystal 9 injected into a gap 
between the substrates, the side of the spacer 4 has a 
capability of orienting the liquid crystal. 

[Claims] 
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[Claim 1] A liquid crystal display element in which a pair of 
substrates, each of which has electrodes and an oriented film 
on the surface thereof opposite to the surface of the other 
substrate, are held at a predetermined spacing between them 
via a seal provided on the peripheral portion of the substrate 
and spacers provided at a display portion, and in which liquid 

crystal is injected into the gap between the pair of substrates , 

being characterized in that the side of the spacer has a 

capability of orienting the liquid crystal. 

[Detailed Description of the Invention] 

[0001] 

[Field of industrial Application] The present invention 
relates to a liquid crystal display element, and more 
particularly, to a liquid crystal display element of a twisted 
nematic type display mode or a super-twisted nematic type 
display mode. 
[0002] 

[Prior Art] In general, a liquid crystal display element has 
a structure in which a pair of substrates are spaced a given 
gap via a seal provided on the peripheral portion of the 
substrate and a spacer provided at a display portion, wherein 
the substrate has an electrode and an oriented film on the 
surface thereof opposite to the other substrate, and liquid 
crystal is confined between the substrates. In such a liquid 
crystal display element, voltage is applied to the liquid 



crystal at the display portion via the oriented film from 
driving electrodes provided o"n the substrate. 
[0003] The above spacer is used for regulating a gap between 
the substrates at the display portion uniformly. The gap 
between the substrates for the liquid crystal display element 
is usually set at about lum to 20um and it is necessary to control 
the gap uniformly with an accuracy of ±0 .ljun. This is because 
variations in the gap between the substrates cause not only 
degradation in the quality of display such as an unevenness 
of color or interference fringes, but also damage to a circuit 
or a failure of display when the gap between the substrates 
are narrowed by an external force to bring the electrodes into 
contact with each other. As described above, the spacer is 
an important member for keeping the performance of the liquid 
crystal display element . An inorganic material such as glass , 
silica, or the like, and an organic material such as 
polystyrene-base polymer and photosensitive polyimide are 
used as the raw material of the spacer. Conventionally, a 
method of scattering particle-like spacers and a method of 
using a photolithography technology have mainly been used as 
a method of forming the spacer. 

[0004] First, a method of manufacturing a liquid crystal 
display element including a process for scattering 
particle-like spacers, which is the mainstream of the present 
technology, will be described. One substrate with electrodes 



and an oriented film formed thereon is prepared and a suspension 
suspending the particle-like spacers in an organic solvent is 
scattered on the surface of the oriented film and then the 
solvent is vaporized. The substrate on which the spacers are 
scattered is combined with the other substrate on which 
electrodes and an oriented film are formed and the peripheral 
portion thereof is sealed with a sealing adhesive to form a 
liquid crystal cell. A liquid crystal material is injected 
into the liquid crystal cell and then an injection port is 
sealed . In this connection, there is also a case in which 
the sealing adhesive is mixed with the same members as the 
particle-like spacers. 

[0005] However, in this method, it is difficult to control the 
diameter of the spacer scattered because the diameter of the 
spacer is extremely small. Also, it is difficult to scatter 
the spacers uniformly and sometimes the spacers are scattered 
in clusters . The clusters of spacers make the gap between the 
substrates nonuniform and hence cause degradation in the 
quality of display, as described above. Further, since the 
particles having a diameter of several urn are scattered in this 
method, a scattering of the particles itself becomes a cause 
of dust, and hence this method is not suitable for an operation 
in a clean room. 

[0006] Therefore, a method of forming a spacer by the use of 
a photolithography technology was developed as an alternative 
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method. A method of manufacturing a liquid crystal display 
element including a process of forming a spacer by the use of 
a light cure resin will be described as an example. A light 
cure resin layer is formed on a substrate on which electrodes 
and an oriented film are formed. Light is applied to the resin 
layer by using a mask for exposing to selectively cure only 
a portion exposed to the light and then the other portion not 
exposed to the light is removed with suitable etching liquid, 
thereby forming a spacer. This substrate is combined with the 
other substrate on which electrodes and an oriented film are 
formed and the peripheral portion thereof is sealed with a 
sealing adhesive to form a liquid crystal cell. A liquid 
crystal material is injected into the liquid crystal cell and 
then an injection port is sealed. In this respect, sometimes 
resin to be decomposed by light is used instead of the light 
cure resin. Further, a method is also used in which a masking 
material is formed on a spacer material by a photolithography 
technology and then the spacer material is etched by using the 
masking material as a mask. 

[0007] In this method, the spacer can be formed at a 
predetermined position. For example, if the spacer is 
arranged only at the position where an pixel is not formed, 
such as a wiring or the like, a passing of light can be prevented 
by the spacer, whereby the quality of display can be improved, 
in this regard, although it is expected that a method of 



printing thermosetting resin mixed with the spacers can produce 
the same effects as the photolithography, this method is 
inferior to the, photolithography technology in accuracy and 
fineness. 

[0008] On the other hand, the liquid crystal display element 
widely used at present is divided into a twisted nematic (TN) 
type and a super-twisted nematic (STN) type according to the 
state of orientation of the liquid crystal in the element. 
[0009] in the TN type element, an upper and a lower substrate 
are arranged such that the direction of orientation of the 
oriented film of one substrate crosses at right angles that 
of the other substrate to orient the liquid crystal molecules 
in a state in which the mean direction of long axes of the liquid 
crystal molecules is twisted at 90° degrees between the upper 
and the lower substrates. At this time, the liquid crystal 
layer shows an optical rotating power of 90°. 
[0010] A case in which this liquid crystal display element is 
sandwiched by two polarizing plates whose polarizing planes 
are parallel to each other is called a normally black (NB) 
display. That is, since liquid crystal layer has an optical 
rotating power, when voltage is not applied thereto, light is 
obstructed, and when voltage is applied thereto, the liquid 
crystal is erected except at a portion extremely near to the 
oriented film and the liquid crystal layer loses the optical 
rotating power and hence light passes therethrough. On the 



other hand, a case in which this liquid crystal display element 
is sandwiched by two polarizing plates whose polarizing planes 
are orthogonal to each other is called a normally white (NW) 
display, in this case, when voltage is not applied thereto, 
light passes therethrough and when voltage is applied thereto ;■ 
light is blocked. Both the arrangem<ents of the polarizing 
plates are widely used. 

[0011] The STN type element is basically the same as the TN 
type element except that the mean direction of long axes of 
liquid crystal molecules in the display elements is twisted 
at about 270 degrees. This twisting angle setting can speed 
up the response of the liquid crystal to an application of 
voltage, but it also produces a problem that it is difficult 
to control the gap between the substrates. 

[0012] The TN type element has become ignored after the STN 
type element was realized. However, because the TN type 
element has high linage quality, most of active matrix type 
liquid crystal display elements springing into wide use in 
recent years have adopted a TN type display mode, and the 
importance of the TN type element has been gaining renewed 
attention. 

[0013 ] There has been a tendency that the liquid crystal display 
element of these display modes has a larger area and higher 
definition. In particular, a projection type liquid crystal 
display element is urgently required to be of higher definition . 
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In order to realize the higher definition, a pixel pitch has 
sharply been reduced, which has raised in turn a problem of 
a reduction in display quality, to be more specific, a reduction 
in contrast near the spacer in a pixel portion. This reduction 
in contrast is caused broadly by the spacer itself and by the 
irregularity in the orientation of the liquid crystal near the 
spacer. 

[0014] The reduction in contrast caused by the spacer itself 
is caused by a passing of light through the spacer. This 
appears remarkable in the NB display. As a method of solving 
this problem, a method of adding a coloring matter to the spacer 
(Japanese Patent Laid-open No. 62-66228), a method of dying 
the surface of the spacer (Japanese Patent Laid-open No. 
1-144021), and a method of plating the surface of the spacer 
with metal (Japanese Patent Laid-open No. 2-96716) were 
proposed. However, these improved methods have problems that 
the crystal liquid is contaminated by light absorbing material 
such as a coloring matter and that the mechanical strength of 
the surface of the spacer is reduced by the surface treatment 
of the spacer. Further, these methods can not solve the 
irregularity in the orientation of the liquid crystal which 
sometimes spreads over the area nearly equal to the spacer. 
[0015] As a method for solving a reduction in contrast caused 
by the irregularity in the orientation of the liquid crystal, 
a technology has been known in which an oriented film is formed 
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after the spacers are scattered and then is subjected to a 
rubbing treatment (Japanese Patent Laid-Open No. 63-36224). 
However, this technology uses a method of scattering the 
spacers in which a spacer density in the liquid crystal is 
difficult to be controlled and the spacers move and cling 
together, which might further increase variations in the gap 
between the substrates. Also, the flatness of the oriented 
film is reduced by the spacers and hence uneveness in the 
rubbing generates defective display. 

[0016] in order to solve both causes at the same time, a method 
of arranging spacers selectively at the portions except for 
the pixels was proposed. Typical methods are as follows: 
spacers are arranged under a black matrix (Japanese Patent 
Laid-open No. 63-228126); spacers containing superconductive 
material are selectively arranged at the portions except for 
the pixels (Japanese Patent Laid-Open No. 2-62517); spacers 
containing magnetic material are selectively arranged at the 
portions except for the pixels (Japanese Patent Laid-Open No. 
2-198421). However, there are problems which make it 
difficult to put these methods into practice. For example, 
if the black matrix is used as disclosed in Japanese Patent 
Laid-open No. 63-228126, the aperture ratio of the display part 
is extremely reduced as definition is made higher. The cases 
of Japanese Patent Laid-Open No. 2-62517 and Japanese Patent 
Laid-Open No. 2-198421 need to use special materials and hence 



have disadvantages in costs. 
[0017] 

[Problems to be Solved by the Invention] It is the object of 
the present invention to provide a liquid crystal display 
element which can realize all of the uniformity of the gap 
between substrates, a high aperture ratio, and high display 
quality without using special material, and in particular, to 
provide a TN-type or a STN-type liquid crystal display element . 
[0018] 

[Means for Solving the Problems and Functions of thereof] A 
liquid crystal display element in accordance with the present 
invention, in which a pair of substrates, each of which has 
electrodes and an oriented film on the surface thereof opposite 
to the surface of the other substrate, are held at a 
predetermined spacing between them via a seal provided on the 
peripheral portion of the substrate and spacers provided at 
a display portion, and in which liquid crystal is injected into 
the gap between the pair of substrates, is characterized in 
that the side of the spacer has a capability of orienting the 
liquid crystal. 

in the present invention, it is preferable that the side of 
the spacer has a capability of putting liquid crystal molecules 
into a state of operation, that is, a state of twisted 
orientation or vertical orientation. Hereinafter, a spacer 
constituting the liquid crystal display element in accordance 



with the present invention will further be described in detail. 
[0019] First, it is thought in general that a printing 
technology or a photolithography technology is applied to a 
forming of a spacer in accordance with the present invention 
in a predetermined shape at a predetermined position. For 
example, in the case of forming a spacer having a cross- 
sectional area of SOpm by 50\xm or more, a printing technology 
such as an offset printing, or the like can be used. However, 
since a value of 50nm is a half of a typical gap of lOOfm between 
the pixel electrodes of a 10-inch liquid display element, it 
is preferable that the spacer has a smaller sectional area than 
that. On the other hand, if the photolithography technology 
is used, a spacer having a cross-sectional area of several um 
square can be formed. In this technology, photosensitive 
resin is used as a main component composing the spacer. The 
following materials are used as the photosensitive resin: 
polyimide, polyamide, polyvinyl alcohol, polyacrylamide, 
cyclized rubber, novolak resin, polyester, polyurethane, 
acrylate resin, bisphenol resin, or photosensitive gelatin. 
Both of a negative photosensitive resin and a positive 
photosensitive resin can be used. Among these resins, 
negative photosensitive polyimide can produce the most 
excellent orientation and a good control of the gap between 
the substrates. 

[0020] In the present invention, in order to provide the side 



of the spacer with a capability of twisting an orientation, 
for example, it is conceivable to mechanically twist the spacer 
or to utilize a material orienting in a twisted manner in itself 
as the spacer. 

[0021] as a method of mechanically twisting the spacer, a method 
can be used in which a spacer made of elastic resin and having 
a height of several [urn is formed at the predetermined position 
of a substrate by the use of a photolithography technology or 
the like, and an opposite substrate is overlaid thereon and 
bonded thereto and then the opposite substrate is turned. In 
this method, the side of the spacer is provided with a 
capability of orienting the liquid crystal by applying a 
twisting stress to the spacer. However, this method can be 
applied only to a liquid crystal display element having a small 
display area (to be more specific, about 3 inches square or 
smaller) which can guarantee a uniform gap between the 
substrates if a spacer exists at the center of a display 
portion. 

[0022] In contrast to this, the method of utilizing a material 
orienting in a twisted manner in itself is more practical as 
the component of the spacer. This material is added to the 
photosensitive resin of the main constituent of the spacer, 
or the like. As such a material, there are side chain type 
polymer liquid crystal material having a chiral group and a 
combination of the side chain type polymer liquid crystal 
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material and a low-molecular organic material having a chiral 
group. These materials are oriented in a twisted manner if 
they are subjected to heat treatment in a temperature range 
showing a liquid crystal phase for a predetermined time. 
Therefore, the twisted orientation of liquid crystal molecules 
is realized by an intermolecular force between the constituent 
of the spacer oriented in a twisted manner and a liquid crystal 
molecule. In this case, preferably, the material shows a 
liquid crystal phase (chiral nematic phase) at a temperature 
of 100°C or more and a solid phase under the temperature. A 
material showing a liquid crystal phase at a temperature less 
than 100°C does not act as a support member and might contaminate 
a liquid crystal material. Further, in the case of forming 
the spacer on a substrate having a color filter, it is 
preferable that the material shows a liquid crystal layer in 
a temperature range about 200°C or less. This is because if 
it is subjected to heat treatment at a high temperature more 
than 200°C, the color filter deteriorates remarkably. The 
materials satisfying the above temperature condition are as 
follows. As for the side chain type polymer liquid crystal 
materials having a chiral group, there is, for example, a liquid 
crystal material made by copolymerizing cholesteryl-co-(4- 
methacryloyl oxyphenyl alkanonate ) having 2 alkyl carbons with 
cholesteryl-<o-(4-methacryloyl oxyphenyl alkanonate ) having 
6 alkyl carbons at a polymerization ratio of 1 : 1. As for 
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a combination of the side chain type polymer liquid crystal 
material and the low-molecular organic material having a chiral 
group, there is, for example, a combination of p- 
cyanobiphenyl-4-methacryloyl oxybenzoate and s(-)-2- 
methyl T buthyl-methacrylate . 

[0023] Heat treatment for providing the side of a spacer with 
a capability of twisting an orientation may be performed during 
forming a spacer of resin containing the side chain type polymer 
liquid crystal material at a predetermined position by the use 
of the photolithography technology or the like, or may be after 
the spacer is formed. Also, in the case of using the above 
material, it is preferable that before the spacer is formed, 
an oriented film having a capability of orienting liquid 
crystal is formed. This is because the direction of 
orientation of the side chain of the side chain type polymer 
liquid crystal material is regulated by the surface of the 
oriented film and a spiral axis by the twisted orientation is 
in the direction vertical to the substrate. 
[0024] in the present invention, as a method for providing the 
side of the spacer with a capability of orienting vertically, 
there are, for example, a method of making a fine groove on 
the side of the spacer and a method of using a material orienting 
vertically in itself as the component of the spacer. 
[0025] In order to make the fine groove, the photolithography 
technology or the like is not used but the following method 
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is used. That is , resin is formed to have a thickness of several 
fim on the substrate and then a masking member is formed at a 
predetermined position and then the resin is etched by a 
reactive ion etching method by using the masking member as a 
mask to form a spacer in a predetermined shape at a 
predetermined position and then a fine groove is made on the 
side of the spacer. In this method, the liquid crystal 
molecules can be oriented vertically by the geometrical shape 
effect of the side of the spacer. 

[0026] in the method of using a material orienting vertically 
in itself as the component of a spacer, a normal chain type 
polymer liquid crystal material is used . This material is also 
added to the photosensitive resin of the major constituent of 
the spacer and the like. This material is oriented vertically 
if it is subjected to heat treatment at a temperature range 
showing a liquid crystal phase for a predetermined time. 
Therefore, an intermolecular force between the component of 
the spacer and the liquid crystal molecules realizes the 
vertical orientation of the liquid crystal molecules . 
Preferably, also such a normal chain type polymer liquid 
crystal material shows a liquid crystal phase in the same 
temperature range as the side chain type polymer liquid crystal 
material described above, and for example, "Novacurate" ( name 
of a product made by Mitsubishi Chemicals Corp. Ltd. ) can be 
used. 
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[0027] in this case, it is preferable that the oriented film 
is not yet formed or that the oriented film does not have a 
capability of orienting the liquid crystal. This is because 
the oriented film might prevent the normal chain type polymer 
liquid crystal material from orienting in the vertical 
direction. In this respect, in order to facilitate the 
orientation of the normal chain type polymer liquid crystal 
material, an external field may be applied in the vertical 
direction. 

[0028] A display mode of a liquid crystal display element in 
accordance with the present invention is not particularly 
limited. That is, it may be an active matrix type display mode 
or a simple matrix type display mode, a TN type or a STN type, 
a transparent type or a reflective type. Examples of these 
liquid crystal display elements will be described with 
reference to the drawings. 

[0029] FIG. 8 is an exploded view in perspective of one example 
of three-terminal active matrix type transparent liquid 
crystal display element using a TN type liquid crystal, in 
FIG. 8, pixel electrodes 2 and TFT elements (thin film 
transistor) 11 are formed in a shape of matrix on one glass 
substrate ( TFT array substrate ) 1 . A plurality of data wirings 
21 and a plurality of address wirings 22 are formed between 
square pixels each of which is constituted by one pixel 
electrode 2 and one TFT element 11 such that the data wirings 
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21 and the address wirings 22 cross each other at right angles. 
The source electrode of the TFT element 11 is connected to the 
pixel electrode 2 and the drain electrode thereof is connected 
to the data wiring 21 and the gate electrode thereof is 
connected to the address wiring 22. An oriented film (not 
shown) is formed on the surface of such a TFT array substrate 
1. A color filter 6, an opposite electrode 7 , and an oriented 
film (not shown) are formed in sequence on the other glass 
substrate (opposite substrate) 5. A region where the pixel 
electrode 2 is opposed to the opposite electrode 7 corresponds 
to a pixel. Between these TFT array substrate 1 and the 
opposite substrate 5, a seal is arranged at the peripheral 
portion of the substrate and a spacer (not shown) in accordance 
with the present invention is arranged at the display portion 
thereof, thereby regulating a gap between the substrates. A 
liquid crystal material is injected into the gap between the 
substrates. Further, in the case of a transparent display, 
a back light 53 is provided outside the TFT array substrate 
1 via a polarizing plate 51 and a diffusing plate 52, and a 
polarizing plate 54 is provided outside the opposite substrate 
5. 

[0030] in the liquid crystal display element, the pixel 
electrode 2 and the opposite electrode 7 are formed of a 
conductive thin film made of, for example, ITO (indium tin 
oxide), metal or the like. In the case of the transparent 



display element, a material having transparency such as ITO 
is used as both the electrodes. In the case of the reflective 
display element, it is essential that only one of both the 
electrodes be transparent, and the opposite electrode is made 
transparent in normal times. Also, in this case, the 
polarizing plate 51, the diffusing plate 52, and the back light 
53 are not required to be provided outside the TFT array 
substrate 1 . 

[0031] FIG. 9 is an exploded view in perspective of one example 
of a single matrix type liquid crystal display element. In 
FIG. 9, on the surface of one glass substrate 1, a plurality 
of band-like scanning electrodes 31 and an oriented film (not 
shown) are formed in the direction of X-axis. On the surface 
of the other glass substrate (opposite substrate) 5, a 
plurality of band-like display electrodes 32 and an oriented 
film (not shown) are formed in the direction of Y-axis. A 
crossing portion where the scanning electrode 31 and the 
display electrode 32 corresponds to a pixel. Between these 
glass substrate 1 and glass substrate 5, a seal is arranged 
at the peripheral portion of the substrate and a spacer in 
accordance with the present invention is arranged at the 
display portion, thereby regulating the gap between the 
substrates . A liquid crystal material is injected into a gap 
between the substrates. 

[0032] A liquid crystal display element in accordance with the 
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present invention is manufactured by forming an oriented film 
and a spacer by the above mentioned method on a substrate on 
which a transparent electrode made of an ITO film and a driving 
element such as a TFT, a MIM (Metal insulator Metal) or the 
like are formed, and then by subjecting them to ah assembling 
process, a liquid crystal injecting process, and the like. 
Either the oriented film or the spacer may be formed first, 
or they may be formed at the same time. The order of forming 
is determined in consideration of the simplicity of the process 
and the performance of the display element. For example, in 
the case of using a photosensitive resin as the material of 
the spacer, if the photosensitive resin is prebaked, exposed 
to light, subjected to heat treatment again at the substrate 
side, and then is developed, the spacer and the oriented film 
can be formed at the same time. That is , if the photosensitive 
resin is subjected to the heat treatment after it is exposed 
to light, the photosensitive resin at the substrate side is 
polymerized and a dissolving speed to a developer is reduced 
and hence this portion remains after it is developed. 
Therefore, if the portion is subjected to orientation treatment, 
the portion can be utilized as an oriented film. The adoption 
of this method eliminates a process for forming an oriented 
film independently. 

[0033] It is preferable that the spacer is formed, for example, 
at the end portion of a pixel. Also, in the liquid crystal 
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display element in which a driving element is formed on one 
substrate, it is preferable that a spacer is formed at the 
recessed portion in the center of the driving element. 
[0034] [Function] in a liquid crystal display element in 
accordance with the present invention, the side of the spacer 
has a comparatively flat shape and a capability of orienting 
the liquid crystal, and hence it can stably orient liquid 
crystal molecules in the vicinity of the spacer without a 
special material. Therefore, a reduction in contrast caused 
by disturbance in the orientation of the liquid crystal 
molecules can be prevented, which can improve display quality. 
[0035] Also, in the case of using a material having the property 
of orienting in itself as a constituent of the spacer, the 
spacer itself has an optical rotating power, that is, a light 
obstructing property. Therefore, this can reduce the amount 
of light passing through the spacer and can achieve high quality 
display without using a black matrix reducing an aperture ratio 
even in an NB display making an extremely severe demand for 
a black level. In this case, if the other material capable 
of improving a light obstructing property is used in 
conjunction with it as a constituent of the spacer, larger 
effects can be expected. 

[0036] Further, in a liquid crystal display element having a 
driving element on one substrate, the amount of light applied 
to the driving element can be controlled by forming a spacer 



at the recessed portion in the center of the driving element. 
This can prevent the malfunction of the driving element caused 
by the excessive irradiation with light and can further improve 
the display quality. In this case, if the spacer itself has 
a light obstructing property, larger effects can be expected 
as described above . 

[0037 ] [Preferred Embodiments of the Invention] The preferred 
embodiments in accordance with the present invention will be 
described with reference to the drawings. In this respect, 
in the following preferred embodiments and comparative 
examples, an active matrix type liquid crystal cell using a 
TN type liquid crystal as a liquid crystal display element was 
manufactured and its characteristics were evaluated. 
Embodiment 1 

[0038] A spacer forming material was previously prepared in 
the following way. According to a method by Funkelmann et al. 
(see Macromol. Chem. , 179, 829 (1978)), among cholesteryl- 
<D-(4-methacryloyl oxyphenyl alkanonate), liquid crystal 
materials having two or six alkyl carbons were synthetically 
prepared and these two liquid crystal materials were 
copolymerized at a polymerization raio of 1 : 1 to synthesize 
a side chain type polymer liquid crystal material. The 
obtained side chain type polymer liquid crystal material is 
added to a solution of photosensitive polyimide (made by 
Ciba-Geigy , name of product: Probimide 400) to make a spacer 
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forming material . 

[0039] One glass substrate (TFT array substrate) 1 having 
display electrodes 2 and TFT elements 11 formed in a matrix 
manner on the surface thereof, as shown in FIG. 1 and FIG. 2, 
was prepared. The structure of the TFT element 11 is as follows . 
That is, a gate electrode 12, a gate insulating film 13 , and 
a semiconductor layer 14 are formed in sequence on the glass 
substrate 1. A source region and a drain region (both are not 
shown) are formed in the semiconductor layer 14. A source 
electrode 15 and a drain electrode 16 connected to these regions 
are formed on the semiconductor layer 14 . The source electrode 

15 is connected to the display electrode 2 . The drain electrode 

16 is connected to a data wiring and the gate electrode 12 is 
connected to an address wiring. As shown in FIG. 2, the TFT 
element 11 is formed at the corner of the display electrode 
2, and one display electrode 2 and one TFT element 11 
constitutes one pixel of 130pm x 100pm. 

[0040] A solution of thermosetting polyimide (made by Japan 
Synthetic Rubber, name of product : Optomer AL-1051 ) was applied 
to this TFT array substrate 1 with a roll coater and then was 
heated and dried at 200°C for 1 hour. The surface of this 
polyimide film was subjected to a rubbing treatment by a roller 
provided with cloth to form an oriented film 3. 
[0041] The oriented film 3 was spin-coated with the spacer 
forming material described above at a rotational speed of 
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2500rpm for 25 seconds. The TFT array substrate was placed 
on a hot plate and the spacer forming material was prebaked 
at 110°C for 15 minutes. A photomask 101 shown in FIG. 3 was 
arranged at a distance of 6p over the surface of the cured 
film. In this photomask 101 , a light passing portion 110 having 
a diameter of lO^im was made at every 260(jm in the longitudinal 
direction and at every 200jim in the lateral direction and the 
other potion constituted light obstructing portion 120 . Also , 
as shown in FIG. 2, the photomask 101 was positioned such that 
the light passing portion 110 overlapped a position diagonal 
to the TFT element 11 of the alternate display electrodes 2 
(position where the spacer is to be formed) on the TFT array 
substrate. 

[0042 ] The cured film was exposed to parallel light of 400 mJ/cm 2 
via the photomask 101. A developer (made by Ciba-Geigy, 
QZ3301) was sprayed over the cured film under pressure by a 
nitrogen gas to develop it and then a mixed solution of the 
developer and a rinse liquid (made by Ciba-Geigy, QZ3311) was 
sprayed over the cured film, and the cured film was rinsed with 
a rinse liquid (made by Ciba-Geigy, QZ3312) and further the 
cured film was spin-dried by the use of a nitrogen gas . The 
development conditions were as follows: 
pressure of nitrogen gas; 2.5 kg/cm 2 

amount of jet of developer; 10 ml/min. 
developing time; 240 seconds 
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overlapping time; 10 seconds 

rinsing time; 10 seconds 

spin- drying time by nitrogen; 20 seconds 

[0043] After the developing treatment was finished, the 
substrate was heated at 200°C for 1 hour to evaporate the solvent, 
A side chain type polymer liquid crystal material was kept in 
a chiral smectic phase and was oriented in a twisted manner 
by the heating treatment. The substrate was cooled naturally 
to a room temperature to form a spacer 4. 

[0044] Next, the other glass substrate (opposite substrate) 
5 was prepared on which a color filter 6 with a protective film 
on the surface thereof and an opposite electrode 7 were formed 
in sequence. A solution of thermosetting polyimide (made by 
Japan Synthetic Rubber, name of product: Optomer AL-1051) was 
applied to the opposite substrate 5 with a roll coater and then 
was heated and dried at 200°C for 1 hour. The surface of this 
polyimide film was subjected to a rubbing treatment by a roller 
provided with cloth to form an oriented film 8. A 
thermosetting epoxy resin (made by Mitsusi Chemicals, Inc., 
name of product : Structbond ) was screen-printed on the 
peripheral portion of the opposite substrate 5 as a sealing 
material . 

[0045] These TFT array substrate 1 and the opposite substrate 
5 were combined with each other such that they were opposed 
to each other, and then were heated at 180°C for 1 hour, and 
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then were naturally cooled to a room temperature to form a 
liquid crystal cell. The liquid crystal cell was put into a 
vacuum chamber and a nematic liquid crystal composition (made 
by Merk Co. , ZLI- 1370) 9 was injected into the liquid crystal 
cell under vacuum. An injection port was sealed with an 
ultraviolet cure adhesive. Further, the cell was cleaned and 
then polarizing plates were arranged outside the TFT substrate 
and the opposite substrate, respectively, such that the 
oscillating planes of light passing through the polarizing 
plates were parallel to each other. 
Embodiment 2 

[0046] The present embodiment is different from the embodiment 
1 in the position where a spacer 4 is formed. That is, as shown 
in FIG. 4, a spacer 4 was formed at the recessed portion in 
the center of a TFT element 11 formed on a TFT array substrate 
1. Except for this, a liquid crystal display element was 
manufactured in the same way that was used in the embodiment 
1. 

Embodiment 3 

[0047] In the present embodiment, an oriented film was formed 
on a TFT array substrate by the following method different from 
the method used in the embodiment 1. A TFT array substrate 
1 having display electrodes 2 and TFT elements 11 formed in 
a shape of matrix on the surface thereof was spin-coated with 
a 5 percent photosensitive polyimide solution (made by 
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Ciba-Geigy, name of product: Probimide 400) at s rotational 
speed of 3000 rpm for 25 seconds. The TFT array substrate 1 
was placed on a hot plate and was heated at 110°C for 15 minutes 
to prebake the photosensitive polyimide. A photomask 102 
shown in FIG. 5 was arranged at a distance of 6yxa over the surface 
of the cured film. In the photomask 102 , light passing portions 
110 having a width of Q.2\im and light obstructing portions 120 
having a width of 1 . Oym were formed in stripes . The cured film 
was exposed to parallel light of 180 mJ/cm 2 through the 
photomask 102 and then was subjected to the spray development 
as is the case with the embodiment 1. The development 
conditions were as follows : 
amount of jet of developer; 10 ml/min. 
pressure of nitrogen gas; 2.5 kg/cm 2 

developing time; 60 seconds 

overlapping time; 10 seconds 

rinsing time; 15 seconds 

spin-drying time by nitrogen; 10 seconds 

[0048] After the development was finished, the substrate was 
heated and dried at 250°C for 1 hour and then was cooled 
naturally to a room temperature to form an oriented film 3. 
Except for this process , the liquid crystal display element 
was manufactured in the absolutely same way that was used in 
the embodiment 1 - 
Embodiment 4 
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The present embodiment was different from the embodiments 
1 to 3 in that a spacer was formed on an opposite substrate 
5. 

[0049] First, as is the case with the embodiment 1, a polyimide 
film was formed on a TFT array substrate having display 
electrodes and TFT elements formed on the surface thereof and 
then was subjected to a rubbing treatment to form an oriented 
film. 

[0050] Next, an opposite substrate 5 having a color filter 6 
with a protective film and an opposite electrode 7 formed on 
the surface thereof was prepared. The opposite substrate 5 
was spin-coated with a solution of soluble polyimide (made by 
Ciba-Geigy, name of product: Probimide 200) at a rotational 
speed of 2000rpm for 30 seconds, and then was heated and dried 
at 180°C for 1 hour. A Mo layer having a thickness of lym was 
formed on the polyimide film by a sputtering method. The Mo 
layer was subjected to photo-etching to form a masking member 
made of Mo having a diameter of lOjun at the corner of alternate 
pixels in correspondence to the color filter 6, as shown in 
FIG. 6. 

[0051] This opposite substrate was put into a vacuum chamber 
and the chamber was evacuated to vacuum and then an 0 2 gas was 
introduced into the chamber and a portion of the polyimide film 
which was not masked by the masking member was subjected to 
a reactive ion etching by applying an Ar + ion beam thereto. 



The conditions of the reactive ion etching were as follows: 
0 2 gas concentration 1 X 1(T 4 Torr 

intensity of irradiation 200 W 
irradiating time 5 minutes 

[0052] A spacer having fine grooves in the direction vertical 
to the substrate and an oriented film were formed at the same 
time. That is, an etching of the polyimide film under the 
conditions described above does not reach the surface of the 
substrate. Therefore, remaining thin film portion can be used 
as an oriented film. Next, Mo used as a masking material was 
etched and then the oriented film was subjected to a rubbing 
treatment by a roller provided with cloth. Then, a liquid 
crystal display element was manufactured in the same way that 
was used in the embodiment 1 . 
Embodiment 5 

[0053] In the present embodiment, an oriented film was formed 
on a TFT array substrate by the use of a photosensitive resin 
by the same method that was used in the embodiment 3. A spacer 
and an oriented film were formed on an opposite substrate by 
the same method that was used in the embodiment 4. Then, a 
liquid crystal display element was manufactured in the same 
way that is used in the embodiment 1. 
Comparative example 1 

[0054] A solution of thermosetting polyimide (made by Japan 
Synthetic Rubber, name of product: Optomer AL-1051 ) was applied 
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to a TFT array substrate having display electrodes and TFT 
elements formed in a shape of matrix on the surface thereof 
with a roll coater and then was heated and dried at 200°C for 
1 hour. The surface of the polyimide film was subjected to 
a rubbing treatment by a roller provided cloth to form an 
oriented film. A spherical spacer dispersing ethanol liquid 
( made by Sekisui Fine Chemicals, Corp., name of product: 
Micropal SP- 205 ) was sprayed on the oriented film. 
[0055] On the other hand, a solution of thermosetting polyimide 
( made by Japan Synthetic Rubber, name of product: Optomer 
AL-1051 ) was applied to an opposite substrate having a color 
filter with a protective film and an opposite electrode formed 
on the surface thereof in sequence and was heated and dried 
at 200°C for 1 hour. The surface of the obtained polyimide film 
was subjected to a rubbing treatment by a roller provided with 
cloth to form an oriented film. A thermosetting epoxy resin 
(made by Mitsusi Chemicals, Inc. , name of product: Structbond) 
was screen-printed on the opposite substrate as a sealing 
material. Then, a liquid crystal display element was 
manufactured by the same method that was used in the embodiment 
1. The liquid crystal cells of these embodiments 1 to 5 and 
the comparative example 1 were observed and the following 
characteristics of the liquid crystal cells were evaluated. 
The results will be shown in table 1. 

Characteristic 1) state of orientation when voltage was not 
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applied (visual observation) 

Characteristic 2) state of orientation when voltage was not 
applied (observation with a microscope) 

Characteristic 3) V-T characteristic (relationship between 
voltage of liquid crystal cell and amount of passing light) 
Characteristic 4) contrast ratio (amount of passing light when 
voltage was applied : amount of passing light when voltage was 
not applied) 

Characteristic 5) state of display of moving picture after 500 
hours at high temperature (85°C) in the like test 



[0056] [Table 1 ] 





Embodi- 
ment 1 


Embodi- 
ment 2 


Embodi- 
ment 3 


Embodi- 
ment 4 


Embodi- 
ment 5 


Compa- 
rative 
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Characte- 
ristic 1 ) 


good 


good 


good 


good 


good 


good 


Characte- 
ristic 2) 


good 


good 


good 


good 


good 


defec- 
tive 


Characte- 
ristic 3 ) 


normal 


normal 


normal 


normal 


normal 


normal 


Characte- 
ristic 4 ) 


115:1 


120:1 


110:1 


105:1 


100:1 


80:1 


Characte- 
ristic 5 ) 


good 


good 


good 


good 


good 


defec- 
tive 



[0057] It was found by the observation of the liquid crystal 
cell of the comparative example 1 with a microscope that the 
periphery of the spacer blurred white in the dark visual field 
showing good orientation, that is, defective orientation was 
produced at the periphery of the spacer. Also, the spherical 
spacer looked bright because light passed through them. It 



is thought that a reduction in contrast ratio was caused by 
this in the comparative example 1. In contrast to this, in 
the embodiments 1 to 5, the state of orientation was good and 
a high contrast ratio was obtained. 

[0058] In this respect, while an active matrix type liquid 
crystal cell using a TN type liquid crystal as a liquid crystal 
display element was manufactured in the above embodiments, the 
present invention can be applied also to a simple matrix type 
liquid crystal display element. 

[0059] An example of the simple matrix type liquid crystal 
display element will be described with reference to FIG. 7. 
As shown in FIG. 7, a solution of thermosetting polyimide was 
applied to one glass substrate 1 having scanning electrodes 
31 formed on the surface thereof and was heated and dried, and 
then a cured polyimide film was subjected to a rubbing treatment 
to form an oriented film 3. For example, as is the case with 
the embodiment 1, a spacer forming material was applied to the 
oriented film 3 and was prebaked and then was exposed to light 
and was developed, and was further subjected to heating 
treatment to form a spacer 4 having a capability of twisting 
an orientation. Next, a solution of thermosetting polyimide 
was applied to the other glass substrate (opposite substrate) 
5 having display electrodes 32 formed on the surface thereof 
and was heated and dried and was subjected to a rubbing 
treatment, thereby forming an oriented film 8. A 



thermosetting epoxy resin was screen-printed on the peripheral 
portion of the opposite substrate 5 as a sealing material and 
then the glass substrate 1 was combined with the opposite 
substrate 5 such that they were opposed to each other and then 
they were heated to manufacture a liquid crystal cell . A liquid 
crystal composition 9 was injected into the liquid crystal cell 
and an injection port was closed. Also in this case, the same 
effect could also be produced that was produced in the 
embodiments described above. 

[0060] In the following embodiments, a method of forming a 
spacer and an oriented film at the same time will be described, 
in which a photosensitive resin was used as the material for 
the spacer and was prebaked and exposed to light and then was 
subjected to heat treatment and then was developed. 
Embodiment 6 

[0061] A TFT array substrate on which display electrodes and 
TFT elements were formed was spin-coated with photosensitive 
polyimide (made by Ciba-Geigy, name of product: Probimide 412) 
at a rotational speed of 1500rpm. The TFT array substrate was 
placed on a hot plate and a polyimide film was prebaked under 
ordinary conditions of 110°C for 15 minutes. 
[0062] The polyimide film was exposed to light via a photomask 
on which the pattern of the spacer was formed. The substrate 
was placed on the hot plate and then was heated again at 170°C 
for 10 minutes at the substrate side. The photosensitive resin 



32 



at the substrate side was polymerized and a dissolving speed 
to the developer was reduced at a part irradiated with light 
and at a part polymerized by heat treatment. The 
photosensitive resin was developed as is the case with the 
embodiment 1 . The conditions of development were as follows: 
pressure by nitrogen gas 1.3 to 2.5 kg/cm 2 

amount of jet of developer 8 to 10 ml/min. 
developing time 240 seconds 

overlapping time 10 seconds 

rinsing time 10 seconds 

spin-drying time with nitrogen 20 seconds 

[0063] This TFT array substrate was put into an exhaust type 
oven and a polyimide film was cured at 250°C for 1 hours. As 
a result, a cylindrical spacer having a height of S\ua and a 
diameter of lSpm and an oriented film having a thickness of 
120^ were formed. The oriented film was subjected to a rubbing 
treatment . 

[0064 ] On the other hand, a thermosetting polyimide was applied 
to an opposite substrate on which a color filter, a black matrix 
and an transparent electrode are formed and then was subjected 
to a rubbing treatment to form an oriented film. A sealing 
material was screen-printed on the peripheral portion of the 
oppos ite substrate . The TFT array substrate was combined with 
the opposite substrate and the sealing material was heated and 
cured under pressure to manufacture a cell. At this time, the 
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spacer was placed on the black matrix. Liquid crystal was 
injected into the cell and an injection port was sealed to 
manufacture a liquid crystal display element. 
[ 0065 ] The accuracy of the gap between the substrates was ±0 . l\tm 
on the whole surface of the obtained liquid crystal display 
element having a diagonal of 4 inches. Also, it was found that 
the state of orientation was good. Further, since the spacer 
was placed on the black matrix, a passing of light and a 
reduction in aperture ratio were not caused by the spacer and 
the failure of the TFT could be prevented. 
Embodiment 7 

[0066] As is the case with the embodiment 6, photosensitive 
polyimide (Probimide 412) was applied to a TFT array substrate 
and was prebaked and exposed to light and was subjected to heat 
treatment. Here, the conditions of the heat treatment after 
exposure were different from those of the embodiment 6 and the 
heat treatment was performed at 200°C for 10 minutes. This 
photosensitive polyimide was developed and cured under the same 
conditions that were used in the embodiment 6. As a result, 
a spacer of 5\xm in height and 15|im in diameter and an oriented 
film of 150nm in thickness were formed. The oriented film was 
subjected to a rubbing treatment. Then, a liquid crystal 
display element was manufactured in the same way that was used 
in the embodiment 6. The accuracy of the gap between the 
substrates was ±0.1jim on whole surf ace of the obtained liquid 



crystal display element having a diagonal of 4 inches . It was 
found that the state of orientation was good. 
Embodiment 8 

[0067] A TFT array substrate on which display electrodes and 
TFT elements were formed was spin-coated with photosensitive 
polyimide (made by Ciba-Geigy, name of product: Probimide 408) 
at a rotational speed of 1200rpm. The TFT array substrate was 
placed on a hot plate and the polyimide film was prebaked under 
ordinary conditions of 110°C and 10 minutes. The polyimide 
film was exposed to light and subjected to heat treatment under 
the same conditions that were used in the embodiment 6 and was 
developed and cured under the same conditions that were used 
in the embodiment 6 except for a developing time of 100 seconds . 
As a result , a cylindrical spacer having a height of 2^m and 
a diameter of lOjua and an oriented film having a thickness of 
lOOnmwere formed. The oriented film was subjected to a rubbing 
treatment. Then, a liquid crystal display element was 
manufactured in the same way that were used in the embodiment 
6. The accuracy of the gap between the substrates was ±Q *2\*m 
on whole surface of the obtained liquid crystal display element 
having a diagonal of 4 inches. It was found that the state 
of orientation was good. 
Embodiment 9 

[0068] As is the case with the embodiment 6, photosensitive 
polyimide was applied to a TFT array substrate and was prebaked, 



exposed to light, and subjected to heat treatment. Here, the 
conditions of the heat treatment after exposure were different 
from those of the embodiment 6 and the heat treatment was 
performed with an exhaust type oven at 120°C for 1 hour- The 
photosensitive polyimide was developed and cured under the same 
conditions that were used in the embodiment 6* As a result, 
a spacer having a height of 5jim and a diameter of 15\xm and an 
oriented film having a thickness of 15nm were formed. The 
oriented film was subjected to a rubbing treatment. Then, a 
liquid crystal display element was manufactured in the same 
way that was used in the embodiment 6. The accuracy of the 
gap between the substrates was ±0.2fim on whole surface of the 
obtained liquid crystal display element having a diagonal of 
4 inches . 

[0069] In this regard, it was observed that there was a region 
where the orientation of the liquid crystal was defective in 
the vicinity of the spacer, in particular, in the rear of the 
spacer with respect to the direction of rubbing. However, 
since the direction of the rubbing treatment was made parallel 
to black stripes to put the region where the orientation was 
defective under the black stripes, the display portion did not 
suffer any effects and could produce good display results. 
Comparative example 2 

[0070] As is the case with the embodiment 6, photosensitive 
polyimide (Probimide 412) was applied to a TFT array substrate 
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and was prebaked and exposed to light, but was not subjected 
to heat treatment after exposure. The photosensitive 
polyimide was developed and cured under the same conditions 
that were used in the embodiment 6 . As a result, a spacer having 
a height of 5\m was formed, but all the portion, except for 
the spacer, which is not irradiated with ultraviolet, was 

flaked off by the development and an oriented film was not 

formed . 

[0071] [Effects of the Invention] As is described above in 
detail, the present invention produce a remarkable effect in 
providing a liquid crystal display element realizing all of 
the uniform gap between the substrates, a high aperture ratio, 
and a high display quality without using a special material. 
In particular, the present invention is effective in producing 
excellent performance capabilities of V-T characteristics, 
contrast, and the state of moving picture display in a liquid 
crystal display element of a twisted nematic (NT) type display 
mode or a super-twisted nematic (STN) type display mode. 
[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a cross-sectional view of an active matrix 
type liquid crystal display element in the embodiment 1 in 
accordance with the present invention. 

[FIG. 2] FIG. 2 is a plan view showing a position where a spacer 
is formed on a TFT array substrate in relation to a liquid 
crystal display element in the embodiment 1 in accordance with 



the present invention. 

[FIG. 3] FIG. 3 is a plan view showing a photomask used for 
forming a spacer in relation to a liquid crystal display element 
in the embodiment 1 in accordance with the present invention. 
[FIG. 4] FIG. 4 is a plan view showing a position where a spacer 
is formed on a TFT array substrate in relation to a liquid 
crystal display element in the embodiment 2 in accordance with 
the present invention. 

[FIG. 5] FIG. 5 is a plan view showing a photomask used for 
forming a spacer in relation to a liquid crystal display element 
in the embodiment 3 in accordance with the present invention. 
[FIG. 6] FIG. 6 is a plan view showing a position where a spacer 
is formed on an opposite substrate in relation to a liquid 
crystal display element in the embodiment 4 in accordance with 
the present invention. 

[FIG. 7] FIG. 7 is a cross-sectional view of a simple matrix 
type liquid crystal display element in the other embodiment 
in accordance with the present invention. 

[FIG. 8] FIG. 8 is an exploded view in perspective of an active 

matrix type liquid crystal display element. 

[FIG. 9] FIG. 9 is an exploded view in perspective of a simple 

matrix type liquid crystal display element. 

[Brief Description of the Reference Numerals] 

1- glass substrate (TFT array substrate) , 2- pixel electrode, 

3- oriented film, 4- spacer, 5- glass substrate (opposite 
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substrate), 6- color filter, 7- opposite electrode, 8- oriented 
film, 9- liquid crystal material, 11- TFT element, 12- gate 
electrode, 13- gate insulating film, 14- semiconductor layer, 
15- source electrode, 16- drain electrode, 21- data wiring, 
22- address wiring, 31- scanning electrode, 32- display 
electrode, 51- polarizing plate, 52- diffusing plate, 53- back 
light, 54- polarizing plate, 101, 102- photomask, 110- light 
passing portion, 120- light obstructing portion. 
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[FIG. 1] 

1. glass substrate 

2 . pixel electrode 

3 . oriented film 

4 . spacer 

5 . glass substrate 

6. color filter 

7. opposite electrode 

8. oriented film 

9. liquid crystal material 
11. TFT elements 
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[FIG. 5] 
[FIG. 6] 
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[FIG. 8] 
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